The objective of this study was to estimate heritability, correlations and response to selection for postweaning average daily weight gain (ADG), visual scores of conformation (C), precocity (P) and muscling (M), longissimus muscle area (LMA), and backfat thickness (BFT) measured by ultrasound in Brazilian Hereford and Hereford×Nellore cattle. The components of (co) 
Introduction
Brazil has the largest commercial cattle herd and is also the largest exporter of beef in the world (USDA-FAS, United States Department of Agriculture -Foreign Agricultural Service, 2009). Animal breeding programs and production of genetically superior animals certainly contribute to the country achieving this position. However, to maintain such a position, the components of the production network need to continue developing stock aimed at increasing production and final product quality with improved profitability of livestock.
In this context, the post-weaning average daily weight gain (ADG) is a trait economically important to the production system of beef because it is related to the time necessary for the animal to reach slaughter point, and it expresses the genetic potential of the animal itself. However, ADG by itself may not be sufficient as a trait indicative of carcass quality.
Carcass weight, the percentage of marketable cuts and meat tenderness are traits directly related to the quality and value of the carcass (Field, 2007) . Since the measurements of these traits imply the slaughter of the animal, selection to improve the quality of the carcass can be made based on the results of progeny testing and analysis on molecular markers or on indicative traits measured in the live animal, such as visual scores and traits measured by ultrasound.
The percentage of muscle, fat, bone and marketable cuts and the carcass value have phenotypic correlations that are moderate to high (0.4 to 0.8) with the visual scores and other traits measured by ultrasound in the live animal (Conroy et al, 2010) . This suggests that the visual scores and the traits measured through ultrasound could be used as alternatives for selection to improve carcass quality.
In Brazil, some beef cattle breeding programs have performed visual evaluations for conformation (C), precocity (P) and muscling (M) since the 1970s. Evaluations for longissimus muscle area (LMA) and backfat thickness (BFT) measured with ultrasound began in the 1990s and gained momentum from 2000 on, with the adoption of this technique in several beef breeding programs.
Knowledge of genetic parameters and expected response to the selection for ADG, visual scores and carcass traits is fundamental to the design of animal breeding programs focusing on the quality of the carcasses produced in Brazil. Such information is useful for defining the most adequate selection criteria and predicting genetic values of the candidates for selection. The objective of this study was to estimate genetic parameters and selection response for the post-weaning average daily weight gain, visual scores and carcass traits evaluated through ultrasound in Brazilian Hereford and Hereford × Nellore cattle.
Materials and methods
Information regarding the performance of Hereford and Hereford ×Nellore cattle participants in the Conexão Delta G breeding program was used to estimate (co)variances for the variables: post-weaning average daily weight gain (ADG, kg/day), visual scores of conformation (C), precocity (P) and muscling (M) and longissimus muscle area (LMA, cm 2 ) and backfat thickness (BFT, mm) obtained through ultrasound.
The visual scores were utilized as alternatives to estimate the amount of meat on the carcass by length, body depth and muscle development, characterizing the conformation (C) measurement. Precocity (P) measurement represents the ability of the animal to display the lowest acceptable degree of finishing with a low body weight. The development of muscle mass determined the scores for muscling (M). The visual scores were assigned by livestock technicians, in which each contemporary group was assessed by a single technician, and on a scale of 1 to 5, where five represents the highest level of trait expression. The LMA and the BFT were measured with the use of ultrasound and specific software equipment in the region between the 12th and 13th ribs.
Only the data from animals with known pedigree and members of the post-weaning contemporary groups with at least three observations were considered. For ADG, C, P and M, the post-weaning contemporary groups were formed by animals of the same contemporary group at weaning, raised on the same farm and part of the management post-weaning group, of the same sex and weighed on the same Julian date. The contemporary group at weaning was formed by animals of the same sex, born and weaned on the same farm and in the same year, raised in the same management group and weighed on the same Julian date at weaning. For LMA and BFT, the management group between the time of postweaning weighing and evaluation by ultrasound, and the Julian date of ultrasound were also included in the formation of the post-weaning contemporary groups. Table 1 provides a summary of the data structure studied in this work.
The database was composed of data from 47,563 animals belonging to Hereford (Her), 3/4Her, 11/16Her, 5/8Her, 9/ 16Her, 1/2Her, 3/8Her and 1/4Her genetic groups. Table 2 lists the numbers according to the genetic group of the animal.
The animals were born from 1974 to 2006 on 47 Brazilian ranches located between latitudes 14°S and 31.5°S, in the following states: RS, PR (South region), SP (Southeast region), MS, MT, GO (Central-West region) and BA (Northeast region). However, measurements by ultrasound were only taken on animals born from 1998 to 2005 on 22 ranches located between latitudes 21°S and 31.5°S, in the states of RS, PR, SP and MS.
The ages of the animals on the days of the measurements ranged between 370 and 670 days. The average ± standard deviation of the ages in assessing ADG, C, P and M was 505 ± 78 days, and for the assessments by ultrasound it was 541 ± 58 days.
Under the matrix form, the general model considered in the analysis of two traits simultaneously was
in which: y i , is a vector with the observations of trait i; β i , is a vector with the "fixed" effect solutions (contemporary groups, month of birth, annual class of dam age at birth, linear effect of the animal composition (expected percent of Hereford genes in the calf), linear effect of the dam composition (expected percent of Hereford genes in the dam), and the linear effect of the age of the animal at the time of measurement); a i is a vector with solutions of the random direct genetic additive effects; e i , is a vector with the solutions of random residual effects; and X i , and Z i are incidence matrices that relate y i with β i and a i , respectively. is the residual variance for trait i; σ e 1 e2 , is the residual covariance between traits 1 and 2; and I, is the identity matrix of order equal to the order of y i . For the composition of the relationship matrix, a recursive algorithm was used to keep only the individuals with data (47,563), and their ancestors, in the pedigree base. In addition, individuals who did not have data nor were dams of animals with data, who did not have at least one known ancestor, and were linked to only one animal in the database, were also excluded from the pedigree record and the descendant's pedigree. These procedures were repeated until there were no more animals of this type. In this way, a relationship matrix was formed, containing only genealogical data on animals considered informative, i.e., 80,867 animals.
The (co)variance components were estimated by the Bayesian method, using the INTERGEN program (Cardoso, 2008) , in two-trait analysis. Inference was based on Markov chain Monte Carlo (MCMC) with chains of 230,000 cycles with a burn-in period of 30,000 cycles and a thinning interval of 100 cycles. The convergence of the chains was evaluated using the R program (The R Foundation for Statistical Computing, 2009) with the BOA package (Smith, 2005) , which generates convergence diagnostics according to Geweke (1992) and Heidelberger and Welch (1983) . In the Geweke test, initial values of the Markov chain are compared with final values of the chain in order to detect convergence failures. P-values lower than 0.05 indicate the existence of evidence against the convergence of chains. The Heidelberger and Welch test uses Cramer-von Mises statistics to evaluate the null hypothesis of stationarity of the sample generated. If there is evidence of nonstationarity, the test is repeated after eliminating the first 10% of iterations. This process is continued until the resulting chain is approved in the test or until more than 50% of iterations are discarded.
After obtaining samples of posterior density of (co) variance components, the expected responses to direct and indirect selection and the relative efficiency of indirect selection were calculated for the traits considered in each sample. The direct response to mass selection was calculated as ΔG x. x = i x × h x 2 × σ p x where: i x , is the selection intensity considered for the trait x (retention of 10% of the males, i m = 1.75, and 50% of the females, i f = 0.80); h x 2 , is the heritability; and σ p x , is the phenotypic standard deviation of the trait under selection. The correlated response was calculated as ΔG x. y = i y × h x × h y × r a × σ p x , where: y, is the trait under selection; x, is the trait indirectly selected; and r a , is the genetic correlation between x and y. Considering the same intensity of selection for the traits x and y, the relative efficiency of indirect selection, in relation to direct selection, was calculated for each trait as
ΔGx:y
ΔGx:x = r a hy hx .
Results and discussion
The mean (±standard deviation) of ADG obtained in this work (0.397 ± 0.175 kg/day) was close to the values of 0.387 kg/day and 0.43 kg/day, reported by Bailey et al. (1991) and Phillips et al. (2001) , which analyzed data of Hereford cattle fed on a diet with an intermediate energy level for a period of 168 days post-weaning, and of Hereford × Brahman and Hereford × Angus crossbreds grazed on native pastures in the southeast United States, respectively.
The means (±standard deviation) of visual scores were 3.090 ± 1.056, 3.376 ± 0.966 and 3.248 ± 0.985 for conformation, precocity and muscling, respectively. The visual scores are assigned in relation to the contemporary group, and the animal considered as reference receives a score of three. Differences between observed means and expected means for the visual scores of the yearling animals are found in the literature . Part of these differences can be attributed to the differences between technicians during the evaluation (Conroy et al., 2010) . The possibility of separation of animals that were assessed in the same group, depending on the definition of the contemporary group used, and the subsequent exclusion of data from those animals grouped into new groups and that did not meet the requirements during the edition of the files, could also contribute to the fact that the observed mean is different than the expected mean for the visual scores.
The estimated means (±standard deviation) for the LMA (49.539 ± 11.417 cm According to the Geweke and Heidelberger and Welch tests, the number of rounds, burn-in period and number of samples in the Markov chains were sufficient to ensure convergence for all chains. Table 3 presents the posterior density estimates of the components of variance and heritabilities for the traits considered in this study. Those posterior density estimates were calculated with all samples obtained from two-trait analysis (10,000 samples for each trait).
The heritability estimate for ADG was in agreement of the value of 0.16 reported by Fan et al. (1995) for the postweaning ADG in Hereford bulls in Canada and within the range of 0.07 and 0.20 reported by Cardoso and Tempelman (2004) for post-weaning weight gain in Hereford and Hereford × Nellore cattle in Brazil. The heritability estimate from the current study could be considered to be low. However, considering the elevated phenotypic variability observed in this population, selection for the higher ADG could help increase the mean of this trait and reduce the time for the animal to reach the minimum weight for slaughter. The heritability estimates for the visual scores were lower than the values of 0.24 ± 0.02 (C), 0.31 ± 0.02 (P), and 0.32 ± 0.02 (M) estimated by Boligon et al. (2011) for Nellore cattle. For the Angus breed, also estimated higher heritability values for C (0.19), P (0.25) and M (0.26), both using the same scale as that in the present work. In general, the low heritability estimates for the visual scores could reflect an elevated environmental variance. The implementation of more stringent environmental control through better definition of contemporary groups, more standardized nutritional and health conditions and maximizing the accuracy of the measurements , could help to improve the identification of the genetic differences between the animals. In the current study, the great range in ages at the time of the visual appraisal also contributed to elevate the environmental variance but it was necessary to avoid a significant reduction in the dataset. .51 (BFT), which are above the upper limit of the 95% highest posterior density interval. The low heritability estimates for the traits assessed through ultrasound may partly be the result of the intense selection of the animals before these measurements. Pre-selection before ultrasound evaluation is a common practice to reduce measuring costs. Thus, in most cases, the animals evaluated must show satisfactory weight and body condition and belong to the major genetic groups involved in the formation of the Braford breed. Taking these considerations into account, the heritability estimates for average daily weight gain, visual scores and ultrasound measurement of carcass traits in Brazilian Hereford and Hereford × Nellore cattle, found in this study, are consistent with the results found in literature. Table 4 Descriptive statistics of posterior density estimates of genetic (above the diagonal) and phenotypic correlations (below the diagonal) for post-weaning average daily gain (ADG), visual scores of conformation (C), precocity (P) and muscling (M) and ultrasound measurements of longissimus muscle area (LMA) and backfat thickness (BFT) in Brazilian Hereford and Hereford × Nellore cattle. Posterior density estimates of the genetic and phenotypic correlations for post-weaning average daily gain, visual scores and ultrasound measurements are presented in Table 4 .
The genetic correlations of ADG with the visual scores were positive, with the highest estimate obtained between ADG and C. The phenotypic correlations were also positive. These results are consistent with those obtained by , in spite of the differences in the magnitudes of the estimates.
In young animals, the nutrient intake is directed to various tissue synthesis such as bone, muscle and fat. Immediately after weaning, the bone is not fully developed and the animal must mobilize nutrients for its synthesis before initiating a more rapid deposition of muscle tissue and, finally, of adipose tissue (Lawrence and Fowler, 2002) . Since the visual scores of conformation, muscling and precocity are, by definition, associated with the development of animal bone (length and body depth), muscle development and adipose tissue development, respectively, higher ADG genetic correlations would, indeed, be expected from weaning to approximately 505 days of age with C, then with M and, finally, with P.
The highest genetic and phenotypic correlations were estimated between the visual scores. All of the correlations were positive, agreeing with the results of , and suggest that selection for improved C, or P, or M in Brazilian Hereford and Hereford × Nellore cattle will result in favorable correlated responses in others. This result may reflect both pleiotropic effects and genetic linkage in groups of genes that affect the expression of C, P and M, as much as in difficulties of visual evaluation of animals with different body types. In addition, the selection carried out on the animals that have the best combinations of traits that are important to their producers and with the highest scores of C, P, and M, in the herds for this study, may also contribute to the high genetic correlations estimated for these traits.
The genetic correlations of ADG with LMA and BFT were close to zero and the phenotypic correlations were of low magnitude. These results suggest that these traits are controlled by groups of different genes and that selection to increase the average daily gain post-weaning, in isolation, isn't sufficient to improve the quality of the carcass in Brazilian Hereford and Hereford ×Nellore cattle. However, it is important to note that low correlations of ADG with LMA and BFT can be partly explained by the fact that most of the animals evaluated have not yet met the minimum weight and fat cover requirements for slaughter.
The selection for the highest ADG could lead to carcass weight gain (Devitt and Wilton, 2001 ) without necessarily improving the meat and fat proportion in the carcass because the genetic correlations of ADG with P (0.233 ± 0.056) and with M (0.210 ± 0.057) are low and the genetic correlations of ADG with LMA (0.033 ± 0.104) and with BFT (0.079 ± 0.140) are null. It is also important to remark that selection for increasing ADG may result in increasing cow mature weight (Boligon et al., 2010 ) and this may not be desirable depending on the production system.
All of the correlations involving carcass traits and visual scores were positive, and the genetic correlations were 0.483±0.098 between M and LMA and 0.403±0.108 between P and BFT. For these same trait pairs in Nellore cattle, Yokoo et al. (2009) estimated values of 0.61 and 0.40, respectively. These results suggest that part of the genes with additive effects on the visual scores also influenced the traits measured by ultrasound and that M and P were efficient for predicting muscle and fat deposition in Brazilian Hereford and Hereford ×Nellore cattle, respectively.
Both the visual scores as well as the traits obtained by ultrasound can be used to improve the carcass quality, in terms of dressing percentage and finishing. The visual scores are the result of the evaluation of the animals' development as a whole, but they are subject to the ability of the judges. On the other hand, even assuming that ultrasound permits a more objective evaluation of the carcass, this technique only takes one or two points of the carcass into consideration. It's possible that the joint use of these measurements will lead to better results in relation to using any of them alone and further works on selection indexes with visual scores and ultrasound traits are needed.
The posterior mean of genetic correlation between LMA and BFT was positive and of low magnitude with a wide 95% highest posterior density interval including zero. Kemp et al. (2002) , with Angus steers, and Tarouco et al. (2006) found genetic Table 5 Descriptive statistics of posterior density estimates of expected direct (diagonal) and indirect (out of diagonal) response by generation for post-weaning average daily gain (ADG), visual scores of conformation (C), precocity (P) and muscling (M) and ultrasound measurements of longissimus muscle area (LMA) and backfat thickness (BFT) in Brazilian Hereford and Hereford × Nellore cattle. correlations of 0.23 and 0.32 between LMA and BFT, respectively. These results, in accord with the positive correlation between P and M, suggest that the selection to increase the amount of muscle in the carcass doesn't necessarily result in the reduction of subcutaneous fat in Brazilian Hereford and Herford × Nellore crossbred cattle. Regardless, it's important to stress the existence of negative estimates of genetic correlation between LMA and BFT (Bertrand et al., 2001) , which suggests the need for more studies on these traits. As Tarouco et al. (2006) emphasized, the nutritional management of the animals can influence the expression of body composition traits, and, in this way, result in a genotype× environment interaction for different types of cattle in different nutritional management programs.
The expected direct and correlated responses are presented in Table 5 and expected relative efficiencies of indirect selection for the traits studied in this work are presented in Table 6 .
Despite the low magnitude of heritability estimates (Table 3) , the selection of 10% males and 50% females with higher phenotypic values of ADG, LMA and BFT can provide gains up to 4%, 3% and 5% respectively, per generation (2151 days sire-son; 2100 days sire-daughter; 1800 days dam-son and 1726 days dam-daughter), compared with the means observed for these traits. It's worth noting that these gains also depend upon the phenotypic standard deviations for the traits, which represented approximately 19% (ADG), 11% (LMA) and 31% (BFT) of the observed means.
Expectations for response to phenotypic selection for ADG, LMA and BFT are encouraging, but also depend on the correct identification and adjustment for fixed effects. For traits of low heritability, it would be interesting to increase the number of animals (candidates for reproduction and their progeny) with phenotypic data, and to consider the pedigree information to obtain (co)variance components and genetic values.
The results from Tables 5 and 3 show that it is also possible to obtain genetic gains around 5% to 7% per generation for visual scores. However, given the relative nature of these traits, the phenotypic averages for all of the contemporary groups (independent of generation) should remain constant and it would not be possible to identify phenotypic changes between generations, unless the scoring system changes. In the field, there may be a tendency on the part of the technician to give a higher percentage of scores of 4 and 5 to animals from farms that practice selection based on these variables, rather than scores of 1 and 2. However, this practice should be avoided, since when it deals with relative traits, the reference is the group under evaluation and not the breed as a whole. As intense as the selection for C, P and M may have been in a herd, it will always have animals on all levels of the evaluation scale.
The selection to increase weight gain, visual scores or the carcass traits in Brazilian Hereford and Hereford × Nellore cattle should result in positive correlated response or little to no response, depending on the trait used as criteria for selection and the trait indirectly selected. For all of the traits studied, the direct selection was more efficient than indirect selection (Table 6 ). Of course, if both traits can be observed in all animals, direct selection is always expected to be more effective than indirect selection unless the genetic correlation is high and the heritability of the indicator trait is much higher than that of the trait of concern.
Considering the possibility of different selection intensity for visual scores and ultrasound traits (approximately 10% of animals with muscling and precocity scores had LMA and BFT), the assumption of same intensity of selection for the traits x and y in calculating the relative efficiency of indirect selection could not be real. Then, we fixed i y =1.275 (for y=M and P), . If animals with ultrasound traits are random sampled in Brazilian Hereford and Hereford ×Nellore population and if selection intensities for LMA and BFT were less than 0.572 (standard deviation of 0.126, with 95% highest posterior density interval from 0.334 to 0.823) and 0.606 (standard deviation of 0.191, with 95% highest posterior density interval from 0.223 to 0.973), the indirect response to selection for M and P, respectively, will be more efficient than direct selection. However, in the present situation, the scanned animals are not part of a random sample because the producers pre-select the animals for scanning to reduce costs. Table 6 Descriptive statistics of posterior density estimates of relative efficiencies of indirect selection (out of diagonal) by generation for post-weaning average daily gain (ADG), visual scores of conformation (C), precocity (P) and muscling (M) and ultrasound measurements of longissimus muscle area (LMA) and backfat thickness (BFT) in Brazilian Hereford and Hereford × Nellore cattle. The average daily weight gain, the visual scores of conformation, precocity and muscling, and the traits evaluated through ultrasound (longissimus muscle area and backfat thickness) have genetic and phenotypic variability that support their inclusions in selection programs for Brazilian Hereford and Hereford × Nellore cattle, as long as the selection is based on predicted genetic values.
Conclusions
The selection for increasing the average daily weight gain from weaning to 505 days of age, alone, will result in modest or no change in longissimus muscle area and backfat thickness of the carcass of Brazilian Hereford and Hereford× Nellore cattle.
The selection to increase visual scores of muscling and conformation should promote positive correlated response in longissimus muscle area and backfat thickness of the carcass of Brazilian Hereford and Hereford × Nellore cattle.
The selection of Brazilian Hereford and Hereford × Nellore animals with more developed muscle mass does not necessarily result in animals with less fat cover.
